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ABSTRACT 
The report describes how to use the ELLPACK system through a set of 
terminal command procedures, called macros, designed for easy, on-line 
use. The macros as described are a preliminary set; an expanded set will 
be prepared once some experience is gained with this preliminary set. The 
capabilities of the preliminary set allow users at remote sites to create 
an ELLPACK program for solving a PDE, run a ELLPACK program, check the 
program output, have results mailed, display data from the ELLPACK per-
formance evaluation system,send messages (trouble reports) to network 
members and provide on-line aid to using the macros. Information about 
accessing the network and Purdue's computer system is given elsewhere. 
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ELLPACK NETWORK DOCUMENTATION 
I. SUMMARY OF CAPABILITIES 
The ELLPACK Network is designed to provide access to the ELLPACK 
system for a number of active members of the cooperative group. Many of 
these people have no experience with the Purdue operating system nor any 
desire to learn how to use it. The set of special "macros" described here 
are designed to allow one to use the ELLPACK system from a terminal with 
very little knowledge of the Purdue operating system. One exception to 
tnis is that the Purdue editor is used for the creation and maintenance 
oT programs. This appears reasonable because (a) the Purdue editor is 
similar to many other editors and (b) it is a lot of work to produce an 
editor with even minimal capabilities. 
The steps in a simple ELLPACK terminal session are: 
LOG ON. This connects you to the Purdue system and initiates the ELLPACK 
system. Basically you give your account number, identification and 
password plus signal that you want to use the ELLPACK macros. 
OK;-,ATE A PROGRAM FILl^ You use the editor to write your program (and 
correct errors}. When you finish you have a program (a file) with 
a name (for example, P"ROGA) 
RUN A JOB, The RUN macro submits a job to run by the statement RUN, Pro-
gram Name (for example, RUN, PROGA) This job is automatically as-
signed a name {for example R6) which is printed out. One may make 
several jobs from one program by changing parameters (or fixing 
errors), 
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CHECK THE PROGRAMMING OUTPUT. The normal output from an ELLPACK run is 
much too lengthy to receive at a terminal, yet one must see some-
thing. The macro LOOK does a number of things to help here; it is 
invoked by LOOK, program Name (for example LOOK, R6). This macro 
(a) Monitors the execution of the job. Every 8 seconds a line is 
printed showing the most recently executed operating system step. 
This may not mean anything to you, but it shows that something is 
happening 
(b) Returns a message saying whether the run was successful or not. 
If the run failed then the macro 
(c) Searches the output for errors and prints the line with the 
error and the associated error message. The errors detected are: 
1. ELLPACK Language errors found by the preprocessor. 
2. Fortran errors in compiling the control program. 
3. Memory overflow in loading the program. 
4. Unsatisfied extermals (missing functions or subroutines) 
found in loading the program. 
5. Arithmetic errors in execution. 
6. Abnormal terminations. 
7. Excessive use of time, I/O units, memory, disk tracks, 
printer output, etc. 
8. Use of non-existent files 
9. Fatal ELLPACK execution errors. 
(d) Displays the values of the MAX verbs (MAX-SOLUTION, MAX-RESIDUAL, 
MAX-TRUE or MAX-ERROR) if the run worked and you want it. 
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when these steps are complete, the output file may be made a "local" 
file for further examination using the editor. In most cases the 
source of any errors can be identified and fixed without any detailed 
knowledge of the internal operation of ELLPACK or the operating system. 
MAIL COMPLETE OUTPUT. You may have the complete output mailed to you by 
saying MAIL, job name (for example, MAIL, R6). All network users 
have their addresses in the system and the printed output will be 
sent by first class mail not long after the run. The mailing of 
plotted output is not so reliable in the preliminary version. 
SEND AND RECEIVE MESSAGES. Any user can send messages to any other or 
report troubles to "ELLPACK" using the MESS macro. The recipient's 
ID is used as address and a list of ID's with user's names is dis-
played by MESS, USERS. 
DISPLAY PERFORMANCE EVALUATION DATA, The macro SEEDATA leads one through 
the steps to obtain data from the ELLPACK data base on PDE software 
performance evaluation. You must be familiar with the "record num-
bers" of the PDE population and with the encoding of methods (for 
example, 1/14/20/ is 5-POINT STAR/NATURAL/LINPACK BAND). One may 
also obtain some statistical analysis and plots of sets of data. 
ON-LINE AID IN USING MACROS» The macro AID lists the other macros of the 
set. The statement AID, macro name (for example AID, LOOK) gives a 
one sentence definition of the macro plus its syntax. 
The very nature of this remote access to ELLPACK requires that it be 
terminal, on-line oriented. However, ELLPACK is not a natural candidate 
for on-line use because many ELLPACK jobs take a long time to run. The 
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common causes of delays are 
A. Solving the PDE. This can take a fair number of seconds and a 
large amount of memory. Thus program roll-outs are likely which 
delay the completion of the job even more. 
B. First access to ELLPACK. The ELLPACK data base on performance 
evaluation is "tape staged" which means the first user each day 
must wait for a tape to be mounted and copied to disk. This action 
is automatic, but not fast (a 5-10 minute delay is typical) 
C. Copying big files. Each invocation of the SEEDATA macro requires 
that the entire data base be brought into position to be read. 
This takes a few minutes and the process can be further delayed 
by job roll-outs. 
D. System Overloading. As the number of users grows, the system 
response slows down for all activities. Over 100 users slows 
down simple items noticeably. The best times to use the system are 
(a) right after it starts up (9:30 A.M., ESTJ_, (b) late at night 
(11:00 P.M. to 5:00 A.M.), (c) Purdue vacation periods. 
Finally, we note that you can use any of the Purdue operating system 
commands during an ELLPACK session; this report explains only those special 
or absolutely necessary to running ELLPACK. 
2. ANOTATED EXAMPLE SESSION 
The following listing is a cut down version of an actual terminal 
session to run an ELLPACK program. The original program has errors of 
various types and the messages received and actions taken can be seen. The 
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R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBF > HEADER» ELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBF,HEADER r ELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBF»HEADER r ELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYDF»HEADER»ELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBFtHEADERtELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBF r HEADER»ELLPGM 
R1 0266 1 PROCS 1503 'RO 2 , 13100 192/ 9244 COPYBF r HEADER »ELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBFrHEADERrELLPGM 
R1 0266 1 PROCS 1503 RO 2 13100 192/ 9244 COPYBF»HEADER>ELLPGM 
R1 0266 1 PROCS 1507 RO 2 13100 192/ 9244 COPYBF r HEADER»ELLPGM 
LOOK IGNORED cure Aft A7tu«MlT Tot At A stic £ JtfC r*/triMo 
+++RUN ,PR0G<?s7D r 1 
PfrTAlKT i'tffl 
13! 52 5 59 PROG RUN AS R3 .— 
+++LOOK R3 
R3 0025 2 PROCS 2316 RO 1 55000 40/ 2208 RFLr55000. 
R3 0025 2 PROCS 2316 RO 1 55000 40/ 2208 RFL»55000. 
R3 0025 2 PROCS 2316 EX 1 55000 40/ 2208 RFL»55000. 
R3 0025 2 PROCS 5 RO 1 55000 40/ 1992 TRMSGrNA.ELLPACK-EXE 
R3 .0025 0 PROCS 5 RO 1 55000 40/ 1992 TRMSG,NA.ELLPACK-EXE 
13.54 .32. CIC/R3 - ELLPACK--EXECUTION -FAILED! Uj H o m , FAUtfV 
R3 0025 X PROCS 3777 PR u/AI? rtettff UHlLff £Yl(l(M\ Afte CGU-StrtO 
ELLPACK PREPROCESSOR ERRORS! 
84.000= ~ Y = 1. r U=3. 
85.000= *** *** FATAL ERROR = SIGN HISSING FOR BOUNDARY VARIABLE IDENTIFICATION » 
86.000= *** *** FATAL ERROR TOO FEW BOUNDARIES FOR X ' 
87.000= 3C0NTINUE ( « * l*> T»F tffttfK. , w * * ^ <t 
88.000= *** *** FATAL ERROR NO = SIGN IN BOUNDARY CONDITION 
CONTROL PROGRAM COMPILATION ERRORS! ^ ^ 
48.000= 13.54.31. 2 FATAL ERRORS IN ELL77 ftl-ltfW X-l ' ^ ^ 
49.000= 13.54.32. 1 FATAL ERRORS IN PDE ***** (.""TlW1 
50.000= 13.54.32. 1 FATAL ERRORS IN PDERHS $*TT 
51.000= 13.54.32. 2 FATAL ERRORS IN BCOND 
267.000= 122. 005303B BX = / 
268.000= **U22> - FATAL USE OF = BEFORE / OR MISSING OPERAND 
269.000= **C122> - FATAL EXPRESSION ENDING WITH / 
405.000= 9. 000005B CVALUS( 7> = 6.X*Y#EX<X+Y>#(X*Y+X+Y-3.> 
406.000= (9) - WARNING MISSING PERIOD AFTER X 
407.000= ** (9) - FATAL USE OF- EOR BEFORE * OR MISSING OPERAND 
412.000= 2. OOOOOOB PDERHS = 6.X*Y#EX<X+Y>*<X*Y+X+Y-3.) 
413.000= <2> - WARNING MISSING PERIOD AFTER X 
41.4.000= ** < 2) - FATAL USE OF EOR BEFORE * OR MISSING OPERAND 
435.000= 15. 000021B GO TO 999 
436.000= 3C0NTINUE 
438.000= ** ( 15) - FATAL STATEMENT NUMBER IS ILLEGAL OR MISSING 
447.000= 23. 000032B END 
448.000= ** FATAL •-- STATEMENT NUMBER 3 NEUER APPFARED 
END OF ERRORS 
F 
r t- t i h l\Uu 
1.O00=EQ, 















+++RUN PROG 'SI' 
14116121 PROG RUN AS R7 
+++LOOK R7 
R7 0022 2 PROCS 5 RO 1 
uxx*»im - 6 . *x*.1 ~,.rx?) r) <:x»y+x+y-
X = 0 . > 11 = 3 . * Y 
X= 1 . , = r=o. , u=-. 
UNIFORM(^r_= 5 % UNIFuRfi Y = 4 




UNIFORM = 5 UNIFORM Y = 
AW t flpflS&t 
THUT HO a if- neiMt&*r* 
A iJviPdlH MtfU © 
36300 40/ 1816 TRMSG > NA.ELLPACK-EXE 
14.18.06. CIC/R7 ELL.PACK-EXECUTIOS'-SUCCESSFUL ! 
R7 0022 X PROCS 3777 PR 
R7 RAN TO COMPLETION 
no YOU WISH TO SEE THE OUTPUT FROM THE MAX VERBS? Y _ «71 LL 
NO MAX VERB OUTPUT! ^ 
DO YOU WISH TO MAKE THE R7 JOB OUTPUT INTO A LOCAL FILE? Y 
R7 IS NOW A LOCAL FILE! O l 
jo \d£ ft*&-1 SSAttCH/*/^ K 7 
+++EDIT R7 _ ' _ ~ w 
•F/END/ — W f f $«:»,» TUttOJt. H THtT 
^255.000= C END OF DEFAULT INITIALIZATIONS p ^ , ^ r 0 M * * t , 
382.000= 226. 005633B END "• TO 
•F/END / 
NOT FOUND __ MtViAJi ' AT tlA/t~ ItZ, tAtvtj T C/ArtTX 
•382P5 * — ^jr w e Jr<ix rne P<ntrro^ fiiatti^M 382.000= 226. 005633B END . 
383.000= C ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
384.000= C ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
385.000= ' C ++++++++++ ++++++++++ 
386.000= _ C + + + + ] ± i ± + + _ F^LE FORTRAN FOR ELLPACK 77. _ __ti±+tt++++ 
•F/END/ -• — - -- -
NOT FOUND LATen. we F/»a the CAST &Vh i X? fwtrtP Ati»*>YJ lie *6titrr L4b/<T\ 
*436Pio rf-, 1 flu « <r» 
436.000= \ 3 a . 000036B END 
437.000= - — — A^I) rtimr to Limn ST^WA 4-r t/S4 
438•000=#E0R 
439.000=1 




W * 1 fjrt 
DOMAIN RECTANGLE 
DOMAIN = RECTANGLE 
DISCRETIZATION = UNIFORM 
OUTPUT LEVEL = 1 
0, 1,OOOOE+OO) X ( 
0» 1.OOOOE+OO > X < 
5 X HX = 2.5000E-01 
•••INPUT BOUNDARY CONDS ARE NEUMAN OR MIXED 
EXCEPTION — NEUMANN PROBLEM FOR POISSON EQUATION 
TdOittcej lie-H€LMfMT* MJJrtfJ Q-C. Omct FCK-
co*sr&ff t6s?pieit'»r t*a<ntW>*( wf a/a*r SAY 
S 01* A p/LOQLS**. 
444 i ooO = 
445.000= 
























3.000= X = l. » UX=3.•X 
•C/UX/U/ 
3.000= X»l. » U=3«•X 
•RUN PROG 'SI' 
SYNTAX ERROR 
«S 
+++RUN PROG 'SI' 
14125103 PRDG RUN AS R8 
+++LOOK R8 
R8 0136 2 PROCS 2312 RO 1 53100 40/ 
R8 0136 2 PROCS 2315 RO 1 65100 40/ 
R8 0136 2 PROCS 2321 RO 1 55000 40/ 
R8 0136 2 PROCS 2322 EX 1 55000 40/ 
R8 0136 2 PROCS 5 RO 1 33600 40/ 





HODIE-HELMHOLTZ ONLY HANDLES DIRICHLET BOUNDARY CONDI 







1816 TRMSG rNA.ELLPACK-EXE 
1816 TRMSGfNA.ELLPACK-EXE 
14.26.17. CIC/R8 - ELLPACK-EXECUTION-SUCCESSFUL! 
R8 0136 X PROCS 3777 PR 
R8 RAN TO COMPLETION 
DO YOU WISH TO SEE THE OUTPUT FROM THE tfAX VERBS? Y 
OUTPUT OF MAX ABSOLUTE VALUE VERBS! 
NOUN GRID 
SOLUTION 5 5 





DO YOU WISH TO MOKE THE R8 JOB OUTPUT INTO A LOCAL FILE7 N 
+ + + MAIL R8 <* — _ fiUHttn a U ? f > a 
CICM9 = CIC0541 AT MATH ^ £ «ef 
to M^iutni T O JOB 'PS- MAILED 
+++AID MAIL U. C TUtr OOO 
MAIL ROUTES THE OUTPUT TO STANDARD B 
^ c u i  Ooi>8L- CtWCU 
0" »<"••> TO utr maiL H 
IN FOR HAILING, 
+++LOG 
SYNTAX! MAIL,J0BNAME1C rJDBNAME2.. .[» JOBNAME10 D 3 
,1 
TCB L327 14.28.56. 07/16/79. 
ESTIMATED SESSION COST $ 1.69 
PLEASE TURN OFF TERMINAL. TNX, 
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3. LOGGING ON THE PURDUE SYSTEM 
After the phone connection has been established, typing the "control" 
Key followed by the B Key (CTRL B) will signal your presence to the Purdue 
system. You then will be prompted for a sequence of identifications. 
Prompt You Type 
ACCOUNT? Your 5 digit account number. 
ID? Your 3 character identifier. 
PASSWORD? Your password. 
SYSTEM? #s 
Typing ",S" signals that you are using the ELLPACK Network. You will 
then receive a short list of news items broadcast to all users of the 
Purdue* system, a count of the number of active terminal users, and a 
listing of any messages sent to you by other members of the ELLPACK Net-
work. A prompt of "+++" signals that the system is ready to receive your 
next command. 
The following keys have special meaning during your terminal session; 





Interrupt. Immediately halts processing 
of current command. 
Pause. Temporarily halts text currently being 
printed at the terminal. Printing resumes when 
ESCAPE is hit again. 
Backspace. Erases the last character typed on 
the current line. 
Erase line. Causes a backspace to the beginning 
of the current line 
To log off the system, simply type "LOG" in response to a "+++" prompt. 
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A. USING THE EDITOR TO CREATE OR FIX A PROGRAM 
To solve a PDE problem on the ELLPACK Network it is necessary to create 
IiLe at the terminal, called a local file, that contains an ELLPACK input 
program describing the problem. (See the ELLPACK User's Guide for details 
ol the ELLPACK language). To create a local file, type 
CREATE, filename 
where filename is the unique name you choose for this file. You will be 
prompted by a line number and the character "=" which signals that you are 
in input mode. You may now type in your ELLPACK program to signal the end 
o£ input, type 
#STOP 
in response to a "=" prompt. 
Uridoubtably, errors were made while typing the ELLPACK program. To 
modi fy for simply explore) a local file, type 
EDIT, filename. 
You will now be "inside" the system editor, which will prompt you for 
editor commands with the character "#". When finished with the editor, 
type "STOP" in response to an editor prompt. 
While in the editor there is always a current line number. It always 
starts as the number of the first line in the file (usually 1) and then 
i.c always the last line refered to by an editor command. Most editor 
commands take the form 
n X parameters 
where X is the command name and n is the first line number to which the 
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command applies. If n is omitted the current line is used. A partial 
listing of editor commands follows. 
Syntax Action 
n P m 
T 
B 
n N m 




Prints m lines starting at line n. 
Repositions current line pointer to 
the top of the file. 
Repositions current line pointer to 
the bottom of the file. 
Prints the m t h line after line n. 
Deletes m lines starting with line n. 
Insert lines after line n. This switches 
you to input mode (when done, type "#" as 
a response to an "=" prompt). 
Replace line n. 
mode (see I). 
This switches you to input 
Changes the first occurance of the string 
"old" to the string "new" on line n. (Note— 
any other character may be used in place of / 
(except blank)). 
nF/text/ 
To save a local file for later use, type 
Find the first line following line n containing 
the string "text". 
PUT, filename. 
in response to a "+++" prompt. This file may be retrieved (i.e. made local)) 
at a later session by typing. 
GET, filename. 
To delete a saved file, type 
DELETE, filename. 
A saved file that remains unused for 14 days is. automatically deleted by 
the system. Finally, to get a list of your saved files, type 
INDEX. 
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For more information on these operations see computing center documents 
[2], LO-LEARNPE2> and [3], LO-PIRATE. 
r>. RUNNING ELLPACK PROGRAMS 
Once an ELLPACK program has been made into a local file, you are 
ready to execute it. To do this, type 
RUN, filename 
in response to a "+++" prompt, where filename is the name of the local 
file containing the ELLPACK program. The RUN macro creates a job containing 
your ELLPACK program and the control cards necessary to execute it and sub-
mits it to the batch system. The response from the system will be 
XX.XX.XX filename RUN AS jobname 
where XX.XX.XX is the current time and jobname is the system generated name 
for this job. To see the output from this job you must use the LOOK or MAIL 
commands. 
The RUN macro has two other forms 
RUN, filename, 1jobcard parameters', 'ELLPACK parameters' 
RUN, filename, filename 
In the first form one optionally specifies a list of jobcard parameters 
(described below) and/or ELLPACK system parameters (see [1] XEQ-ELLPACK). 
In the second form one specifies a second local file that contains all the 
control cards necessary for the execution of the ELLPACK program. This 
option is provided for those who are familiar with the Purdue operating 
system. 
Jobcard parameters 
This is a list of designators separated by commas that tell the system 
what types of resources are required by your job. The default set of 
18 
parameters for ELLPACK programs is the job size 'S2'. This says that 
your job is a size 2 job. Job sizes run from 1 to 4 with 4 the largest. 
If your job exceeds the size limitations of S2 (you will receive a message 
of the form "resource LIMIT"), simply submit with Sn, where n is greater 
than your last run. Big jobs run slower, so there is a penalty for over-
estimating. 
A second parameter of interest is the line limit, which defaults to 
1000 printed lines of output. To specify more lines, use Ln, where n is 
the number of lines. 
For details on other jobcard parameters see the computer center docu-
ment [4], LO-CONTROL. 
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6. CHECKING THE PROGRAM OUTPUT 
Once an ELLPACK job has been submitted, you may get a report on how the 
job fared by using the LOOK macro. This is done by typing 
LOOK, jobname 
in response to a "++ + " prompt. If the job has not yet completed execution, 
the macro will display a line showing the job's status every eight seconds 
until it is done. If you do not wish to wait, you may hit "CTRL B" any 
time and the macro will return a "+++" prompt and you may then enter any 
other command. When your job finishes, your terminal session will be inter-
rupted with one of the messages 
XX.XX.XX. wd/jobname - ELLPACK-EXECUTION-COMPLETE 
XX.XX.XX. wd/jobname - ELLPACK-EXECUTION-FAILED 
where XX.XX.XX is the time^wd is your 3 character ID. 
This signals that the LOOK macro may now be run without delay. 
LOOK scans the output of the job for error messages generated by the 
P. L LP AC K Preprocessor, the Minnesota FORTRAN Compiler (MNF), the system 
loader, and the system runtime monitor. The types of error messages are 
summarized in Table 1. 
Table 1 
Errors Found by LOOK 




>.\CK. PREPROCESSOR An ELLPACK language syntax error was found. 
The message indicates the nature of the error, 
and the line where the error was detected is 
listed. You should EDIT the local file con-
taining the ELLPACK program to correct the 
mistake. 
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CONTROL PROGRAM These are errors in the compilation of the 
COMPILATION ERRORS FORTRAN program generated by the Preprocessor. 
The most frequent cause of error here is a 
syntax error in an arithmetic expression in 
either the EQUATION, DOMAIN, BOUNDARY or 
FORTRAN segments of the ELLPACK program. The 
message indicates the nature of the error and 
the line where the error was detected is listed. 
You should EDIT the local file containing the 
ELLPACK program to correct the mistake. 
LOADER MESSAGES 
(a) Memory overflow 




Your estimate of the job size was too small. 
The amount of memory (FL) required to load 
the program will be listed (in octal) . If 
this is greater than 150000 words, then you 
have exceeded the capacity of the machine. 
You should EDIT the ELLPACK program, reducing 
the size of the grid and/or the number of 
modules used. If the required memory is less 
than 150000, then rerun your program using 
RUN, filename, 'MFn1 
where n is the required memory. You have used 
a non-standard FORTRAN function name in the 
ELLPACK program, and failed to provide the 
function in the FORTRAN segment. This also 
occurs when a function names are misspelled. 
A list of the unsatisfied external reference 
names will be printed. You should EDIT the 
ELLPACK program to make the required changes. 
I 
EXECUTION ERRORS 
(a) Resource limits: 
1/0 UNIT LIMIT or 
TRACK COUNT LIMIT or 
LINE LIMIT or 
TIME LIMIT 
(b) ARITHMETIC ERROR 
MODE = K 
Your job size estimate was too small. The 
job should be RUN again with a larger job size 
parameter (see the description of RUN). 
k = 1 : address out of range 
k = 2 : infinite operand 
k = 4 : indefinite operand (i.e. 0./q ) 
These errors usually occur as secondary effects 
of other errors. You should scan the output 
file for error messages printed by ELLPACK 
modules (see below). If no such messages can 
be found, a bug may exist in a module. A 
trouble report should be filed (see MESS). 
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(c) Other errors A number of other errors detected at runtime 
are found by this macro. If the message is 
not self-explanatory you should proceed as 
in (b) above. 
If no errors were found, the LOOK macro prints the message "jobname RAN TO 
COMPLETION". It is important to realize that this does not imply that the 
desired output was generated. It means only that the ELLPACK control pro-
gram terminated normally (it executed a STOP statement). Any ELLPACK 
module may have stopped the program prematurely upon discovering an error 
in its interface (This typically occurs when a user specifies a problem 
not in the domain of the module sequence). Although the module may have 
printed an error message, the LOOK macro does not currently recognize these. 
Before the LOOK macro ends you will be asked if you wish the job's out-
put be made into a local file. If you reply yes, then a local file whose 
name is the same as the jobname will exist. This file may be EDITed, 
allowing you to scan portions of the file to check the results or look for 
additional error messages. 
linally, LOOK will ask whether you wish to see the output of any MAX 
verbs specified in the ELLPACK input program. It is usually a good idea 
to chcck these, since they provide the simplest means of checking whether 
t lit answers produced were reasonable. 
7. HAVING RESULTS MAILED 
To have the output from a job mailed to you, type 
MAIL, jobname 
in response to a "+++" prompt. This macro should be executed only after 
the job has finished executing (otherwise the macro will wait until the 
job has completed). 
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8. DISPLAYING AND ANALYZING PERFORMANCE EVALUATION DATA 
Substantial amounts of data on the performance of ELLPACK modules on 
a standard set of problems has been generated at Purdue and this data is 
available for inspection by Network users via the SEEDATA macro. For each 
problem-method pair the performance evaluation data base contains a table 
of information, each line of the table representing the solution of the 
given problem by the given method on a single grid. The data available 
on each run is described in the following table. 
Entry name . : Meaning 
DATE Date of the test run 
TIME Time of the test run 
NX 
NY 
Number of grid lines in x-direction 
Number of grid lines in y-direction 
HMAX Largest grid spacing in any direction 
NUMBEQ Number of unknowns in linear system 
ERRMAX Max error on grid points 
ERRMXF Max error on a fixed 20 x 20 grid 
ERRL2 Discrete-L2 error at grid points 
RESMAX Max residual* at midpoints of grid rectangles 
RESMXR Max (residual/right side) at midpoints of grid 
rectangles 
RESL2 Discrete L2 residual at midpoints of grid rectangl< 
SOLMAX Max absolute value of solution on grid. 
NIT Number of iterations for ITPACK modules 
MEM Memory estimate (words) 
TOTLT Total execution time (sec.) 
TIME1 Discretization module time (sec.) 
TIME2 Indexing module time (sec) 
TIME3 j Solution module time (sec) 
i 
*This is the residual of the PDF. operator: |L(computed solution) - right side |. 
23 
All data was generated on Purdue's CDC 6500 system. The CDC 6000 series 
nijohines have a 60 bit word with 14.3 decimal places of precision in single 
precision arithmetic. All codes are compiled with the MNF FORTRAN compiler. 
To gain access to this data, type 
SEEDATA 
in response to a "+++" prompt. The macro will prompt you for a list of 
problem names (integer record numbers, at most 60) as well as method (at 
most 20). Method names are described in the Appendix along with a table 
that associates record numbers with problem numbers in the PDE population 
|4). Four options for processing the data for all problem-method pairs 
specified are available: 
1. Display the raw data at the terminal. 
2. Have a listing of the raw data mailed. 
3. Analyze plot components of the data. 
4. Have analysis/plots mailed 
You will be prompted for each of these items. The first two are self-
explanatory. The third option allows the analysis of one performance in-
dicator with respect to one measure of problem size. The possible choices 
arc 
Performance indicators (y-axis) 
ERR-NODES (= ERRMAX/SOLMAX) 













The analysis program will compute basic statistics based upon linear 
least squares fits to the data for each problem-method pair. Both means, 
medians and extremes of the slope of the least squares lines over the 
chosen problem set are computed. For ERR-NODES and ERR-GRID, the mean 
resource levels required to attain 5%, 0.5% and 0.05% accuracy are also 
computed. The methods are ranked based upon each performance indicator 
and the Friedman, Kendall and Babington-Smith test is computed to indicate 
differences in average rank significant at the 90% and 99% confidence 
levels, see reference [5] for more information. 
You will also be asked if the data should be plotted. If so, one 
plot per problem will be generated with x and y axes as specified above. 
The data points for each method will be connected by a least squares line. 
The plot is on a log-log scale. No plots on the Purdue system are allowed 
to exceed 20 ft. in length, hence no more than 20 Tecord numbers can be 
specified if plotting is to be done. 
An example run of SEEDATA follows with some comments. 
.60 
Tim l v-/ ;| 
ill-:: MAS TOGO I..ED TRANSMISSION MODE 
Hi! I • • 10. .51 . 10.: 07/20/79, Fill I DUPLEX 
mI 001)i\' I SS23S© B3S3 1 W ( T AftOOHI 1*>F <fYlMAfi<>*J 
PtV 'LI • | '. V S 
I Ai-.'i PL RMANENT FILES WERE RE I.  OADED FROM THEIR 
ImVI- il:' f AI' E !; AT '.'.WOO SATURDAY 0 7/14/79. SMALL 
' i I •MAM: NI LIIES (PF1L.ES) WERE NOT AFFECTED. 
Mils USEE I D EAST LOOSED 
B Y II :.. I - YOUR TERMINAL. 
11Y S IF M »S 
E:I E:, CI 
I/O ACTIVE USERS 
OFF AT I 6 , <7, I 07/19/79. 
SESSION MUST BE TERMINATED. 
(MAX •- 128) 
NO MESSACES 
E H SL E DATA 
EN LIR RECORD NUMBERS (ONE PER I. I HE) HERE, 
I YET " US,OR" WHEN FINISHED. 
C -N 
I , O0()::..::>-;> TupdG Art*" ffe>t J 7HAT 0«>* 
2. 000:--'..!3 *J<nr tfe A O U *0 CM<!S TO P&L :?.ooo~»<:; M r t m u c a * t>«<rflt<?wu to ij® os<r6 
I N MR' METHOD NAMES (ONE PER LINE) MERE 
1 YL'L " US 'OP" WHEN FINISHED. 
:: . 000 I / I 4/20 
2.000^ I /--R 
2 .000 3/14/20 
3 . 000 : U S 
Potter Ta Cm b Ml?rw>H C.JOI? Uj ,TM 
Hi'*- , If rv 1 W 
1 . 00(-.v I /•) 4/20/ 
2 .  OC-0 I /'"E 
2 , / I. -4/20/ 
, 000:.:';! 
-9-
Cij) villi WISH TO HAUE THE DATA DISPLAYED AT THE TERMINAL/'' YES 
I,j ft i ; I'fiH- i 014 "S3" TO SEE OUTPUT OR TYPE "CTRL.-B" 
) i I ON01','I DISPL AY 
TWeWcT A nJd srt**rtAc 
f UPL'i'T PEOO'STED IS* A ' ( ** M 
WH,te tHC OAT* « ti <U>Ol<?» 
StTAtllhUVt), 
RLCOED - 22 
pROBi L M 9 ( A-"! 0(),0!.B = ().5 > 
PROBI EM INFO == 2020021.00200222 000,21 040.60 000,00 
26 
METHOD = 1/ J. 4/20/ 
DATE TIME NX NY UMAX NRUNK ERRMAX ERRMXF- ERRI...2 
09/26/78 02-20 5 5 2.50E-01. 9 8.3E+00 8.3E+00 4 . 3E--0 I 
09/26/78 02.20 9 9 .1 . 25E: 01 49 9« 1.E - 01 9.5E -01 1..2E-02 
09/26/78 02.20 1.3 1.3 8.33E-02 121 2.2E-01. 2.5E-01. 1. .5E- 03 
09/26/78 02.20 :L7 1.7 6.25E-02 225 1 . IE 01 1.3E--01. 5. 5E 04 
09/26/78 02.20 21 2:1. 5.00E--02 361 6,. BE-02 2. IE 02 2.7E 04 
11/1.7/78 1.8.11 25 25 4.17E--02 529 4. 6E 02 9.6E-03 I . 6F 04 
RESMAX RESMXR RE:SI. 2 SOLMAX NIT MEM T01T r TIM E l T IME2 TIME3 
•4.4E+02 2 . 6 E + 0 6 2 . BE+0.1. 9 * 3E: t oo 0 3453 . 0 4 . 0 2 0 . 0 2 
3 . 6 E + 0 2 1 . 9 E + 0 4 6 . 2E::+OO 1. <9E+00 0 6001. . 2 9 .OB 0 , 20 
2 •» 2E K)2 1 . 2 E + 0 3 2. be::+oo 1. . 2 E + 0 0 0 1.1557 . 9 6 . 1.9 0 , 7 / 
2 . 3 E + 0 2 2 . 5£ + 0 2 1. . 6 E + 00 1. . 1E4 00 0 21273 2 . 3B . 3 3 0 2 . 0 4 
1. . 5 E + 0 2 9.0E + 01. 1.. 1E + 00 1. . 1E + 00 0 36301. 4,91. . 51 0 4 , 40 
B . 6 I +01 4.7E + 01. 6 . 4 E - 0 1 . 1. .OEtOO 0 5 7 7 9 3 9.09 , 75 .01. B . 3 4 
METHOD - 3/1.4/20/ 
DATE TIME NX NY UMAX NRUNK ERRMAX ERRMXF ERRI 
09/26/78 04.07 3 3 5 . 0 0 E" - 01. 36 3.6E+00 3.5E+00 4 »o E:: 01 
09/26/78 04.07 5 5 p .50E--01. 1.00 5.7E -01. 8.BE 01. 4. BE 02 
09/26/78 04.07 7 7 1 .67E- 01. .1.96 4.4E-01. 4.4E-01 1 . 6E •02 
RESMAX RESMXR RES1..2 SOLMAX NIT MEM TOTL.T TI ME 1. TIME 2 TIME 3 
1. . 5E + 01. 8.9E+02 6.9E+00 n .6E+00 0 6235 .46 .08 0 , 3B 
.4F+01 2.3E+08 6.6E+00 1 .6E+00 0 1.491.1. 1. .99 . 24 0 1 .76 
A. 4 E+01. 3.-2E+10 3.5E+00 1. .4E+00 0 31331 5.59 .. 47 0 5, 1. 2 
Moih&L itr op pwllowi - oeLeren rtifytt* 
DC.) YOU WISH TO HAVE THIS OUT RUT PRINTED AND MAILED? YES 
DC) YOU WISH TO HAVE THE DATA ANALYZED? YES 
Y-AXIS KEYWORD? 
THE POSSIBLE CHOICES ARE; 
ERR-NODES ERR-ORID 
RESMAX RFSI 2 
ERR-CR-ID 
X-AXIS KEYWORD? 
THE possible: choices are: 
NUMBER MEMORY TL TI ME 
TIME 1. TIME:-2 T I ME 3 
II TIME 
A PLOT cTF 
1 TOTAL T/",fr ERRL2 J ' 
RESMXR I X i fl.eVOe\-rW 
J 
DO YOU WISH TO HAVE THE DATA PLOTTED'!' YES 
MCfce* W HI t(T Trtil 
r o 2 (Mu i 
WAIT FOR JOB "S4" TO SEE OUTPUT OR TYPE "CTRL • B " 
TO IGNORE DISPLAY 
•::;4 ANAi YSfS ,rIMTPUr PTfJiu'S JEM: 
f'i. 01" 
*~T| 1 IMF-
f=E'RR RR T H 
RE00Rns= 2? 23 
METHODS^ 
1 / 1 4 / 2 0 / 
> v0 
It"* 
3/1.4 - '20 / / ~ 
SI npr Tl. T IMF ALT RANK MINI HUM 1ST 01!ART MEOIAN 3RD QUART MAXI MUM 
1. / 1 4 / 2 0 / 1. .50 • 0,. 4F -01 , 4E -01 •0,. 4 E (VI ~B,4E 01 - ES, 1 E •• O l 
3 / 1 4 / 2 0 / - 1 • .n •1 , 4 E f 0 0 -1. , 4E + 0O - 1 , 4 E { 0 0 - 1 . 4E + 00 ••••5, 9E--0') 
5 0 / 0 Ti T 1 Hi" AVE RANK MI N T HI in 1ST QUART ML' D IAN 3RD QUART MAXIMUM 
1 / 1 4 / 2 0 / 1 >50 2 . a e f o o 2,/.ELOO 2,6ELOO 2 , AL + 00 4*9E+0 1. 
3 / 1 4 / 2 0 / .1. ,50 3, ?E + 01. 3 .7E+01 3 , 7 E r 01 3 , ? E+ 01 1 , 2E + 02 
0 , 5 0 / 0 TI...TIME A ME RANK MINIMUM 1ST PIJART MEDIAN 3RD OPART MA-1 MUM 
1/14/20/ 1 , 50 4<IE+01 4,1 EL01 4 „ 1 E •)• 01 4,. If+ 01. 4 , 5 F + 0 3 
3 / 1 4 / 2 0 / 1 , 50 .1. . 9E'«+02 1 , ? E + 0 2 1 * 9 E + 0 ? 1>9f+02 A *2E + 03 
0 . 0 5 0 / 0 TI..T IMF A JE RANK MINIMUM 1ST QUART MEDIAN 3RD QUART MAXIMUM 
1 / 1 4 / 2 0 / 1 • 50 A»3E + 02 A . 3 F f 0 2 A - 3 E T 0 2 A t 3 E + 0 2 4,2ETO5 
3/14/20/ 1 ,50 1 ,0Ei ( )3 1. , OF 103 1. , OF + 03 1 . Of: i 03 3 , 1 F +05 
aue rank difffrfncfs significant with ?o 
ME RANK DJFFFRFNCF'S SIGNIFICANT WITH 99 
DO YOU WISH TO HALT THIS OUTPUT MAILED? Y 
F1MM5 FIM2031 AT MATH 
JOB "S3" MAILED 
FIMS4 = F .'I'M 20 31. AT MATH 
F'I MM A ' - FIM2031. AT MATH 
JOB "S4" MAILED • 
PERCENT CERTAINTY IF GREATER THAN' 1 
PERCENT CERTAINTY IF GREATER THAN I 
Lu* -fell (Ato.ttt< dv Tell T t~ktHiC<r 
ft*. JjhfvK & lUfn l(y 
AAsJLOj*. /a/j fu ( CttMt-lmfrfl. As ytfrx, c&su. t-e<! j 
bvo pn, i>lu«Mi wt// Lt ^M^rt^U £ yJ' 
2fi 
9. SENDING MESSAGES CT-" • ..... 
Users of the ELLPACK Network may send messages to each other or 
trouble reports to "ELLPACK" via the MESS macro. To do this, type 
MESS, action 
in response to a "+++" prompt, 
where action is one of SEND, RECEIVE or USERS. (theses may be abbreviated 
as S, R and U). The action taken are: 
(a) MESS, R 
All messages in your mailbox will be displayed at the terminal along 
with the name of the sender and the date and time sent. You will be asked 
if you want your messages saved; if you answer no, you mailbox will be 
reset to enpty. 
(b) MESS, S 
You will be asked for your name and the three letter user ID of the 
person to receive the message. Finally, you will be prompted for each 
line of your message. 
(c) MESS, U 
Displays a list of each ELLPACK Network user along with his/her user 
ID. 
To send a trouble report to "ELLPACK", type MESS,S and simply hit carriage 
return when asked for the user ID. If you are documenting an unexplainable 
error in an ELLPACK run, we suggest that you obtain the job output as a 
local fileC via LOOK) and then save it (using PUT, jobname). If you 
tell us the jobname in your trouble report, we can then obtain the output 
to diagnose the error. 
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10 . AID: ON LINE All) IN USING THE MACROS 
Some minimal documentation on the ELLPACK macros is obtained by 
typing 
in response to a n++ + ,T prompt. If the parameter "name is omitted, a list 
of the ELLPACK macros is displayed. If "name" is an ELLPACK macro name, a 
brief description of the macro and its syntax will be displayed. 
Detailed on-line documentation on many of the Purdue system terminal 
commands is available via the command 
where "name" is a command. You may obtain documentation on GET, PUT, 
np.Lr.Tl-, INDEX, EDIT, and CREATE in this way. Other commands that you might 
find useful (but that we do not describe here) are 
AID, name 
HELP, name 
FILES list names of local files. 
RETURN remove a local file. 
PURGE remove job output from print queue 
RELEASE - halt execution of a job. 
SEARCH - check status of a job. 
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APPENDIX: METHOD NAMES AMD RECORD NUMBERS FOR PERFORMANCE DATA 
Method names in the ELLPACK performance evaluation system are encoded 
as 
discretization/indexing/solution/ 
where each component is a module number (a unique integer associated with 
each ELLPACK module), possibly followed by a list of parameters separated 
by commas. For example, 
1/14/20/ 
9, IORDER=6/// 
5, METH0D=44, ISET-2, ETA=0.5/14/24/ 
5/14/24/ 
are four distinct methods. In the second example a module that combines all 
three components is specified. Note that "indexing" and "solution" are null 
in this case. 
The ELLPACK module names and their associated numbers are given in the 
table below. Refer to the module description in the ELLPACK User's Guide 
[6] for the parameters associated with each module. Following that is the 
table that associates record numbers with the problems in the PDF. Population 
[7] 
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11 5 a= rr 
a= 2n 
32 
PDE POPULATION - RECORD KEY 
Record Problem MACRO 
Number Number Number PARAMETERS 
34 11 5 a= 3rr 
35 a- 5rr 
36 a=10rr 
37 39 13 a=l (3=8 -y=-l 
38 12 6 a= rr 6= rr 
39 a= rr 6=10 
40 Of— 1 0 0= TT 
41 a=20 0= rr 
42 a=10 0=10 
43 a=10 0=20 
44 36 22 a=0 0=0 
45 37 
46 19 7 a=0.15 
47 a=0.25 
48 30 8 a=l. 5 
49 a=2. 5 
50 a=3.5 
51 a=4. 5 
52 22 
53 32 
54 53 18 a=10 0= rr 
55 a=10 0=10 
56 a=30 0=10 
57 21 
58 5 2 a=5 
59 a=8 
60 17 10 a=l 0=2 
61 0f=5 0=3 
62 a=8 0=5 
63 20 11 a= 0 0=HOMOGENEOUS 
64 a=10 0=tf 
65 31 








38 12 a=3 
<x=5 
a=7 
39 13 0!= 1 3= 2 5 
<x= 23 3= 2 1 
a= 10 3= 11 -y= 0 
a=100 3= 2 2 
10 3= 4 1 
a= 4 3= 5 -0.5 
a= 3 3= 6 2 
a=0 - 5 3= 3 •v-10 
15 14 a=0 . 2 jS= 1 . 4 €=0- 10 
c*=1.0 3=2.5 e=0 . 10 
a=*0.2 3=1.5 €=0.04 
a=0,2 3=2.5 €=0.04 
16 15 a=0. 0 
a=0. 1 
cc=l. 0 








23 17 j k=l a=387. 75 b=50. 0 
1 k=l a=554. 50 b= 0. 554 
j k=2 a=387. 75 b=50. 0 
! k-2 a=554. 50 b- 0, 554 
j k=3 a=387. 75 b=50. 0 
































36 22 a=0.1 6=-0.5 
a=0.0 6= 1.0 
















42 25 a= 0 6=1 Y=1 
a=-l 6=2 2 




41 26 a=-10 6= 5 







45 28 A=1 e a=0.50 g(x)=l/x 
A=2 e 2=l.00 g(x)=l/x 
A=3 e 2=0.25 g(x)=Exp(x) 
A=4 € 2=0.50 g(x)-Exp(x) 






48 29 A=1 p=l 6=.04 2 <£=1.425 
A=2 p=l 6= • 04 Y=25 0=1,425 
A=3 p=2 6=,04 2 0=1.425 
A=4 p=2 6=- 04 *V=25 0=1.425 





49 30 A=1 p = l 6=.50 2 0=1.425 
A=2 p=l 6=.50 7=25 0=1.425 
A=3 p=2 6= <04 -Y= 2 0=1,425 
A=4 p=2 6=.50 2 0=1.425 
136 50 31 A=1 p=l 6=. 50 -y= 2 0=1.425 
l 
35 










50 31 A=2 p=l 6= - 50 2 <*>=1C.0 
A=3 p=2 6= - 04 *Y=25 <#>= 1.425 




51 32 A=1 p=l 0 2 = 2 
A=2 p=l 0 2=1OOO 





52 33 A=1 0=10 <*>2 = 2 
A=2 9 = 10 <*>2= 4 




28 34 A=1 1 














25 36 A=1 k = l/4 e= 100 c=-l/10 
A=2 k=l/4 6=1000 c=—1/10 
A=3 k=l/2 6= 1 c=—1/100 
A=4 k=l/2 e= 10 c=-l/10 
A=5 k=l €— 1 c=—1/10 
A=6 k=l 6= 10 c=—1/10 
A=7 k=l €= 100 c=-l 




26 37 A=1 L= 1 







29 38 A=1 K--3 
A=2 K=—1 
A=3 K= 1 
A=4 K- 3 





48 39 A=1 a=1 6= 2 
6= 2 
A=3 a-4 6=10 
A=4 8 6= 2 
172 47 40 A=1 N=1 
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57 42 A=1 KASE=1 BREAK=1 DECAY1=3 
A=2 KASE=1 BREAK=3 DECAY1=2 
A=3 KASE=2 BREAK=1 DECAY1=3 
A=4 KASE=2 BREAK=6 DECAY1=2 
183 
184 
54 27 A=1 Ot=0.5 
A=2 a=o.9 
All of the nodules currently available In ELLPACK 77 are described 
briefly In this appendix. 
Discretization 
1. 5-POINT STAR 
2. 7-POINT 3D 
3. PC-C1 COLLOCATION 




8. HODIE 27-POINT 3D 
9. FFT 9-POINT 
10. 2DEPEP 
11. MARCHING ALGORITHM 
12. DYAKANOV-CG 
13. DYAKANOV-CG ** 




16. YALE MIN DEG 
17. YALE RCM 
listed below. 
Solution 
18. BAND SOLVE 
19. SYMMETRIC BAND 
20. LINPACK BAND 
21. LINPACK SPD BAND 
22. SPARSE GE-PIVOTING 
23. SOR 
2k. JACOBI SI 
25. JACOBI CG 
26. SYMMETRIC SOR SI 
27. SYMMETRIC SOR CG 
28. REDUCED SYSTEM SI 
29. REDUCED SYSTEM CG 
30. YALE SPARSE 
31. YALE ENVELOPE 
$ 
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